Abstract
Introduction

29
In order to measure the carbohydrate content of seaweed biomass, modified versions of the 30 NREL two-stage acid hydrolysis protocol [1] are typically applied [2] [3] [4] . The NREL 31 carbohydrate assay is composed of 2 distinct stages and was initially developed for the GC-MS, respectively) or alternatively via colorimetric methods [5] . Seaweed polysaccharides 41 are distinctly different to those of terrestrial plants in terms both of the sugar subunits 42 (monomers) which are present and also the specific linkages between the monomers. In 43 addition seaweed-derived biomass is significantly less recalcitrant in nature when compared 44 to lignocellulosic biomass. As such the NREL based protocol (which is specifically designed 45 for lignocellulosic biomass) may be too thermo-chemically extreme for seaweed biomass.
46
Therefore use of the NREL assay in its original format may significantly underestimate the 47 'true' carbohydrate content of the seaweed [6] through the potential degradation of liberated 48 sugars into furan-based compounds [7] . We therefore evaluated the NREL protocol [1] to 49 assess its suitability towards seaweed biomass and confirmed it to be thermo-chemically 50 harsh [6] . Furthermore, we revealed that different species of seaweed require specific 51 4 individual optimisations of the protocol for accurate total carbohydrate quantification. From 52 our experimental work using Laminaria digitata (which was used as a benchmark species), 53 we identified that optimisation of stage 1 of the protocol (the low temperature and 54 concentrated acid phase) had a greater impact on the assay than was evident for stage 2 (the 55 high temperature dilute acid phase). The optimal conditions for obtaining the maximal sugar 
Materials
74
Prepare all reagents, solutions and perform all dilutions using ultrapure reverse osmosis (RO) 75 water to achieve a sensitivity of >18MΩ-cm (at 25°C) and using analytical grade reagents 76 unless otherwise stated. Caution must be used when handling hazardous reagents such as 77 concentrated acid and phenol (if using the colourimetric sugar quantification). In addition we 78 advocate the use of a fume hood or cabinet when dispensing such hazardous reagents. 
Methods
120
Carry out all procedures at room temperature unless otherwise specified. 1. This protocol utilises the method described in [8] . The HPLC system requires UV 1. This protocol utilises the method described in [9] .
183
2. Dilute samples x1000 prior to analysis (see section 3.1.11). 4. The system is operated using isocratic elution with 10 mM NaOH at 0.5 mL/min flow 186 rate with a column regeneration step using 200 mM NaOH at 0.5 mL/min after each 187 injection. 1. This protocol utilises the phenol-sulfuric acid method described in [5] .
195
2. Transfer a 100 µL aliquot of each sample into a 5 mL test tube. 
243
We advocate all that all additions of regaent (reactions) are conducted in a fume hood. 
